INTRODUCTION
The evolutionary relationships of species have been studied with reference to their karyotypic similarities and differences, with special attention being given to the number and position of secondary constrictions (see Swanson, 1958) .
Normally the karyotypic characteristics are virtually constant among cultivars within a given species (Chennaveeraiah, 1960) . However, a wide variation in the number of secondary constrictions has been observed between cultivars when this analysis has been applied to F. arundinacea cultivars (Malik and Thomas, 1966) . The nature of such unusual variation has not been analysed yet, probably due to the absence of accurate techniques.
It has been generally accepted that secondary constrictions are the sites of 18 S and 28 S ribosomal RNA genes. This has been confirmed by in situ hybridisation with labelled rRNA (see Howell, 1982 for a review). Although the correspondence between the chromosomal sites that bind the radioactive rRNA and the sites of the secondary constrictions is very close, the correlation is not always perfect in some species because only the active nucleolar organiser regions (NORs) can produce secondary constrictions, whereas labelled rRNA can hybridise either with active or inactive NORs (see Lacadena et aL, 1984) .
Nucleolar organiser regions can be also detected by using silver staining methods, but in this case only the NORs which were functionally active during the preceeding interphase are detectable (Good pasture and Bloom, 1975; Tantravahi et aL, 1976; Howell, 1977; Schwarzacher et al., 1978; . The aim of the present study is to analyse the nature of the variation in the number of secondary constrictions in Festuca arundinacea and LoliumFestuca hybrid plants. MATERIAL 
AND METHODS
Three commercial cultivars of Festuca arundinacea, one of Lolium mult(florum and two Lolium mult(florum-Festuca arundinacea hybrids were analysed.
Seeds were germinated on wet filter paper in Petri dishes at 20°C. When primary roots were 1 cm long they were excised and immersed in tap water at 0°C for 16 hours to shorten the chromosomes. Subsequently the tips were fixed in acetic ethanol 1:3 and stored at 0°C for several months.
The fixed material was crushed and the metaphase cells were observed by phase contrast and stained following the Giemsa C-banding technique or the silver staining technique according to Giraldez et al., (1979) and respectively.
RESULTS
As has been reported on several occasions Lolium multijiorum shows three chromosome pairs with secondary constrictions located near centromeric regions (Malik and Thomas, 1966; Thomas, 1981) .
The nucleolar organiser nature of such constrictions is demonstrated by the persistent presence of Ag-stained material in all of them and by good correspondence between the number of secondary constrictions at somatic metaphase and the maximum number of nucleoli in interphase nuclei (table 1) (see fig. 1 ).
In the present study we analysed the metaphase chromosomes of three hexaploid cultivars of was also studied by Malik and Thomas, 1966), 4 to 11 in cv. Festorina and 4 to 12 in cv. Ondine. A high degree of heterogeneity was also observed in the size of such constrictions found in metacentric and submetacentric chromosomes (see fig. 2 ).
Their location seems to be mostly at interstitial sites and in a few cases at the telomeres ( fig. 2 ). It is well known that the Giemsa C-banding technique does not stain the chromosomal material of nucleolar organiser regions (see Linde-Laursen, 1984) . For this reason the phase contrast and Cbanding techniques were combined in order to determine the nucleolar organiser nature of the secondary constrictions. So, C-banding was applied to the same cells which had previously been analysed by phase contrast. Festuca arundinacea shows a C-banding pattern characterised by the presence of C-hereto chromatic bands in centrorneric, pericentromeric, interstitial and telomeric regions. There is also variation between plants and cultivars (Carnide, in preparation). Many constrictions detected by phase contrast were not observable when C-banding was applied fig. 2(s-.t) ). Telomeric constrictions were also maintained in a very few cases.
However, it is worth mentioning that not all Cbands detected appeared as constrictions when phase contrast was used ( fig. 2(q-r) ).
These results indicate that most of the secondary constrictions of hexaploid F. arundinacea are not actual nucleolar organiser regions. In addition nucleolar activity was analysed by using the silver-staining method which allows us to detect the number of active nucleolar organiser regions (NORs) at somatic metaphase and the number of nucleoli at interphase. For all cultivars analysed, only four chromosomes with active NORs (two interstitial and two telomeric) were observed at metaphase ( fig. 3(a) ) (table 1) . Now, if the silver-staining method reveals the active NORs, the maximum number of nucleoli per cell at interphase should correspond to the number of Ag-NORs at interphase (see . In all cases the results obtained from interphase cells were in agreement with those obtained from metaphase cells ( fig. 3) (table 1) .
Although the number of active Ag-NORs was virtually constant in all cells, plants and cultivars, the size of the NORs was different in many cases. Table 2 shows the frequency of cells NORs of the same or a different size.
The number of secondary constrictions was also very variable in L. mult(florum-F. arundinacea hybrid plants: three to seven in K5 and three to six in K7, and similar results to those observed in Festuca were observed after C-banding.
In accordance with the results reported above it was expected that five Ag-NORs would be found in Lolium-Festuca hybrid plants (three from Lolium and two from Festuca). However, in all the hybrids analysed only three interstitial Ag-NORs and a maximum of three nucleoli per nucleus were observed ( fig. 4) ( Table 1 ). The location of these NORs appeared to be very similar to that observed in Lolium multiflorum (see fig. 1 and 4). As in Festuca variation in size of the NORs was also observed (table 2) .
DISCUSSION
Silver preferentially reacts with acid proteins which bind the newly synthesised rRNA and in this way only the NOR's which were active during the preceeding interphase are specifically detectable by silver-staining (Goodpasture and Bloom, 1975: Howell, 1977; Schmid et al., 1977) . However the results must be treated with caution since NORs are not detected by silver-staining either when the level of activity the rRNA genes is low (Schmiady et a!., 1979) or when the number of 
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'I I A4 r rRNA gene copies is low (Sato et a!., 1980; Cermeño et al., 1984) . This may be responsible for the appearance of telomeric constrictions in a very few cases. However, minute NORs not detectable by silver at metaphase always from nucleoli, and therefore the number of active NORs must be equal to the maximum number of nucleoli in interphase nuclei.
For this reason we can conclude that the four Ag-NORs (two interstitial and two telomeric) detected at somatic metaphase are the only active ones in Festuca arundinacea.
Besides the nucleolar organiser constrictions there are many other constrictions whose meaning is unknown. A moderate to high number of constrictions not detectable by silver staining has also been observed in other genera, such as Secale, Hordeum, Triticum, Avena and Agropyron (Orellana, unpublished) . In any case they do not seem to correspond with inactive nucleolar organiser regions because they show a negative response to hybridisation with labelled rRNA.
These constrictions could be stained with Giemsa as euchromatin or heterochromatin, but there are many other c-heterochromatin-positive sites that are not shown up as constrictions by phase contrast. This indicates that there is a great degree of heterogeneity within both euchromatic and heterochromatic segments. This type of heterogeneity has been described on many occasions (John and King, 1977; Gosalvez and Lopez-Fernandez, 1981; Rocchi, 1982; Camacho et a!., 1984) and its molecular characterisation has been recently initiated by the development of differential fluorochrome techniques (Deumling et a!., 1982; John et a!., 1985) .
In addition, karyotypic heterogeneity in the size of the Ag-NORs at metaphase and the nucleoli at interphase was also found both in Festuca and Lolium-Festuca hybrids (see table 2 ).
Variations in the number and size of silverstained NORs have been explained as being due to differences in the number of rDNA copies, and they seem to be a general feature in both plant and animal species (Warburton et a!., 1976; Ditties et aL, 1975) .
It is clear that the intensity of the silver-staining correlates with the expression of the secondary constrictions (see Linde-Laursen, 1984) but it is also true that the extent to which secondary constrictions are expressed varies during the cell cycle and often from cell to cell and from tissue to tissue (Hsu et al., 1967) . Moreover, the pretreatment to shorten the chromosomes could be very significant (Orellana, unpublished). In spite of this, the differences between plants and between populations found in F. arundinacea might indicate the existence of a certain polymorphism for the number of nucleolar organiser gene clusters in the cultivars analysed. The assumption of such polymorphism is quite reasonable due to the allogamous reproductive system of this species and it is supported by the presence of nucleoli with different sizes at interphase (see fig. 3(c) ).
In the Lolium-Festuca hybrid plants analysed in this work, only three nucleolar organiser regions, located at pericentrosites, were active, therefore the phenomenon of amphiplasty appears in these hybrids. The term amphiplasty was first proposed by Navashin (1928; 1934) to designate the changes affecting individual chromosomes following interspecific hybridisation. Complete suppression of NOR activity of one parent by the other is called total amphiplasty, and it has been reported in many interspecific plant and animal hybrids (see . Although the mode of action is still unknown, it seems to be related to genome interactions which take place in the hybrids, but the effect is completely reversible when the interaction genomes are separated from each other (Rieger et aL, 1979 ). In our case, the NORs activity of Festuca arundinacea was totally suppressed by the presence of Lolium chromosomes in a common nucleus.
Lolium species (particularly L. perene and L. multiflorum) have been put forward as one of the diploid donors in the evolution of hexaploid F.
arundinacea (Carnahan and Hill, 1961) . However, our results make it difficult to see how that could be so, since in that case we would expect at least three chromosome pairs with pericentromeric AgNORs, due to the existence of total amphiplasty, but not two pairs, one pericentromeric and other telomeric. Probably further analysis combining meiotic and mitotic data obtained by Ag-staining, C-banding and differential fluorescence techniques could provide valuable new information about the genomic origin of polyploid Festuca.
